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RESYARCH AT THE STAVFORD CENTER FOR BADAR ASTROICHY

IFTRODUCTION

The Stanford Center for Radar Asironomy (SCRA) is 2 jeiant venture
of Stenford University (SU) and the Stanford Research Institute (SRI) to
facilitate ccoperative eifortis (scientific, engineering, and graduate
student training) in radsy» ssircoomy and space science, The common inter-
est in this field hasz grown out of bagic and applied research progranms
at both groups for radar studies of the upper atmosphere and interplanstary
space,

KWASA grant NsSG-377 funds have been used for a number of theoretical
znd experimental investigations in radlo and radaz studies of space plasmas
{the interpianetary medium, the earth®s magnetospheric wake, the solar
corona, planetary ionosphere, ete.), lunar and planetary surfaces, communi-
cation theory, and spacecraft insirumentation, Irn addition, a number of
resesarch ﬁrojects with separate support have gvown out of work started
under this grant, These include separate projescts on: (1} a study of
the polarization, power, znd spectra of burst noise from Jupiter and the
sun (now funded by NSF); (2) tke radio propsgation experiment on Pioneer
spacecrafi, A througb E; {3) the S-band occultation experiment on Mariner
IV, in support of the JPL effort om the same subject; (L) the dual-frequency
radio propagation experiment foxr Mariner-Venus 1967; and (5} the lunar
surface and occultation experimente based on receiving the telemetry
slignals from AIMP spacecraft., ©€ther propesals are peading for radio

propagation experiments on Mariner 69, Yoysger, and Lunar Orbiter, and for
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at these wavelengiha and to £it it fo the theoretical function. Although
the chirp radar method yields high range resolution, the signal-to-noise
ratio i8 not sufficient to allow detection of more than the first L00-600
usec fzronm the leading edge of the moon, vhich makes i1t difficult to match
the data to a theoretical function with much eonﬁ&ence. In order to

partially overcome this difficitlty, more data will be averaged so as to

|

cduss the variance in the measnred echo stmgth—gl_elay curve, Also, a
broesder range depth will be iooked at to determine more accurately the
bzekground noise level, which is a critical parameter in the theoretical
function fitting,

Even 30, a fairly good fit was obtzined for the 6 meter data
using the expression P(6)/PP e 0) = 1/ (coshe + R sinae)sl 2 {P. Beckman,

Radar backscatter from the moon, J, Geophys. Res., 70, 2345, 1965] with

R = 173 over sn interval from 0 = 0° to 6 = 22°, However, this expression
apparently does not adequately describe the scattering function, for both

the 6- and 12-meter dats show a small peak at the lesding edge which may

be due to speculay reflection,

Since the data is dexived from a chirp siganal and each range
therefore corresponds to a particular frequency, it is necessary to
spoctrally analyze the signnl, This is done digitally on the Stanford
Computation Centsr®s IBM 7090. By the nature of digital spectral analysis,
each estimate for the power spectral density at s particular frequency is
tho waighted average of the actual power spectyum through a "window” around
that frequency. In order to make a comparison, a theocretical function

(which is usually specified for an infinitesimal pulse) must be modified
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by suitably averaging it through a similar series of “windows”, The
fitting of the data to the modified theoreiicel curve (which has several
peaxaneters £o detemmine) is also dome by a digital computer which records
for the minimm average percent sguared srror point, This technique
resulted in close fits between the dats and computer values (within 1.5 &
ntmatédemMmhdomthw),m
mmullummwmmmzmummiﬁ.

mwcwmm;mu-mampn
techniques for switching at very high pover levels, for measuring signel
M,ndmmm»mtdw”!m.
mﬁmthemnmram,vayminmdmtnglm
froquency sweeps with o time bandwidth product of 10”7 was developed in
occopsrstion with other programs, This oquipment allows the 300-kw
tyansmitter to be run as & CW chirp radar for the measupements discussed
in (2) above.

In sddition, sn interface has been developsd for tho IBM 1620
computer which will seguentially sample and digitize channels of snalog
dsta. These data are then operated upcn by the 1620 and stored cn magnetic
tapeormcwmnafonmtabhicrmonthemwgo:mdm
automatic plotter, This system has made reduction of lunar and solazr
radar data so inexpensive and rapid thet it is now possible to look at all

of the data in detail thet would have beem impossible a few years ago.

Flanetary Surface Mapping
A number of impertant studies bave been completed during the last

-l



year, oae in particuler could bscome the major experiment in future flyby
and orbiting miggsions 10 Vemus, This has to do with bistatic radar astron-
omy studies of planetary surfsces, using groumd-bssed transaitters and
spacecraft receivers, In particular, by ssmpling the composite direct

and scattered wave at the spacecraft, it should be possihle to form & twvo-
dimengicnal radasy reflectivity map of the planetary surface. The proposed
tecinigue is different but snalogous to hologrephy and to side-looking
radar, and resolution to the oxder of = few kilometers on Vemus should

be possible (barring sericus atmospheric distortion) with state-of-the-
art equirment, While Vanus 15 obviously of prime interest heze, important
scfentific information could also be obtained by this technigue for the moou,
Mars, and Mercury, A planet wnder illumination provides a two dimemsional
surface when vicwed at close range and the trajectory of s spacecrsft is

a line, Thus, it is apparently possible to illuxinste a plamet oz the moom
from the earth, mmiuuﬁm pattern with an orbiting spacecraft,
and fyom the data yecreate & picture of the surface,

The form of the optimm detsctor corresponding to the aignal
progessing required for reconstructing the brightness distribution has
been obtained. Wnaluﬁmlatiwofthotachniquohaavmtied
the sslient festures of the theory. Work is in progress for a flight
test of the method using the dovn link telemetry carriers for wvehicles
in oxbit around the mcom,

Present plans for the immediate future include:

1. Optical simmlation of effects of noise on the processor

2. Couputer simmlsation of processing snd mepping



3. Searxch for simple renlimations of the processor
k., Design study for flight bhardware
5. S8tudies of planstiary surface models,

mn A and |

Work starting in 1962 regarding the importance of redio occultation
for the study ofi pisnetary oimbephores and icusspbsrss was contianed 7
under the grant in 1963 and 1964, and led first to proposals for dual-
tmmmmmumnWGh. During the
past year the results of this experiment have added considersbly to eur
imowledge of the stmosphere of Mars, and have had major effects on emgincering
planning for future missions to Mars, particularly lending and orbiting
missions, Early grant work also led to the Pioneer § radioc experimemt,
and we arve just now gble to give fivrst Mltsfmthisnlatinlydimt
measurement of average interplanetary electron deasities (8 to O elestzons
per cubic centimeter st 1 AU, during this part of the gunspot cycle),
Work conducted on the grant during the past year hss aleo been important
in defining both the S<band and dusl~freguency octultation experiments for
the Mariner-VYenus 67 mission.

Sun Echoes

Currently, all effort is being made to coxplete dats reduction
for over 150 sttempts to recsive rodar echoes fxrom the sun, The most
recent trials were in September 1965, but systes re-evaluation and
computer difficulties have dslayed the results., The data reduction

system however is now fully cperational and reduction is nearly complete,




A large number of trials were made in the summer of 1964 but a tape
rocorder difficuliy badly tainted the data. A procedure for removing
the resultant corzuption has been developed and is being used to recover
the data with moderate success, When all of the data have been reduced,
the results from each of the approximately 150 individual runs will be
gdded together to formm a composite result equivalent to a single run with
150 times the nominal transmitter power level, This must be done to
increase the signal-to-noise ratio go that the signal cen be detected,
since it cannot be soen in any of the individual mums.

’

Jonospheric Disturbances

Dynamo electric fields are generated from fhe motion of cbnductinz
air across geomagnetic field lines, These fields are believed to be one
of i:he naJor sources of ionospheric dynamics and geomagnetic disturbances,
It has been suggested that fields in the E region, where the dynamo fields
are mostly embedded, could be coupled to the F region and even higher
without much loss in strength, This suggestion of coupling is based
on the fact that the éonductivities parallel to geomagnetic field lines
are much greatsr than the transverse conductivitlies; therefore, the geo-
nagnetic field lines comnecting the E and F regions can be considered as
electric equipotential lines, The validity of this suggestion is the
main concern of this study.

| Cases of electrostatic fields in an opeﬁ but borizontally
stratified ionosphere imposing geomagnetic fields, are considered, After
checking its transient decaying time, ii has been established that the

vertical currents in the ionosphere are very small in comparison with




' noise channels with feedback developed by Schalkwij

borizontal currents, In a steady state, an amalytic solution can be
found for nonequatorial latitudes, The results night hint at some
qualitative and guantitative idez of the coupling mechanism from the

E to the F region, Applications are going to be made to attempt to ex-
plain spread-F echoes, ionization drifts, end field-aligned irrvegularities

in the F region,

SPACECRAY¥T TECHNIQUES

gi_gnal Channel Coding Schemes

A study is being conducted to realize a coéing scheme for additive
x*’2, uUnder the
condition of noiseless feedback, this im the first coding scheme to achiéve
channel capacityA for the band limited channel, It is, therefcre, impor-

t#nt to examine the realizability of the coding scheme and to specify a

 system to achieve it.

Practical realizat{iona can not achieve channel capscity. However, .

calculations have shown that if tho scheme can be mechanized at all, 25

~6

to 50% of capacity and an orror probability less than 10 = should be

obtgined, Although a genexal aealizatioq is being sought, particular.

-attention is given to 2 system suited to space communications,

i, Schalkwijk, J,P.M,, Coding Schemes for Additiva Koise Channels with
Peedback, Sci. Ppt, No. 10, NsG-377, SU-8RL-65-073, Stanford Electronics
laboratories, Stanford, California, August 19505.

2. Signal Channel Coding Schemes, Semi-Annual Status Report No. 6, NsG-377,
Radicsciouce Laboratory, Stanford Universitiy, Stsnford, California,
January 1966, pp. 6-T.
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Transmission over the channel is by double sideband suppressed
carrier signals and detection is by matched filters, Useful signals and
filters have been determined,

The coding scheme is an iterative process employing analog
signals, At both the receiver and transmitter analog computations must
be performed. 'l‘hese require storage of lengthy sequences of analog
signals. Herein lies the chief obstacle to the realization: storage,
random sccess, and insertion into the computations of these analog
signals, It may be necessary to use digital storage and analog/digital
conversions, However, this will change the statistics involved and
remove us somewhat from Schalkwijk's original system description,

A possible alternative, mow under study, is to develop an
analogous system which tranamits vectors with binary components instead
of scalar (analog) values as used in the prosent system definition,
This would permit digital storage and calculations, solving the afore-
mentioned problems, Eowever, the resultant gystem again may not lie
completely within the mathewmatical description of Schaikwijk's original
coding scheme,

The storage problem snd the mechanization of the transmitter
and receiver computation processes is now under gtudy, Uhen these areas

are resolved, the whole system will be tied together and evaluated,

Receiving_’rechniques

During this past quarter an invegtigation into the application
of digital techniques to receiver systems was initiated, It is hoped

that much of the analog circuitry in today's roceivers can be replaced
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with digital cirmiitry, thus taking advantage of the many desirable
features of integrated circuits, Relevant techniques such as sampling,
modulation theory, snd the substitution of digital elements, (e.g. digital
integrators for their analog counterparts), will be examined.

One promising technique is the production of a banépass filter
using sampling, This technique was first suggested by Franks and Sandberg
of the Bell Telephone Labs. The filter consists of three parailel paths
" which are selocted sequentially by high speed switches, Each path
contains a low pass filter., Within each path, the input switch translates
the information from the cemter frequency (£ ) down to d.c., the low
pass filter determines the bandwidth, and the cutput switch translates
ths band back up to 2 °° Three paths are necessarj to ensure cancellation
of harmonics generated by the samwpling process, The ewitcbes in each
path are on for one third of the total pertiod. Thus, f «1/37,, and
ir Ts = 10 Bs thon fo = 33 MHz, Inductance is obtainable in integrated
circuits by using negative impedance converters and gyrators (suggeated
by R. Newcomb), These tschniques work well at low frequencies and thus
arc ideally suited to the synthesis of the low pass filters we require,

Tho upper limit on £° is determinaod by how fast a switch wve can produce,

The effects of finite rise and £311 times o2 the anslysis is being
investigated. A preliminasy estimate of the upper limit on fo is about

130 MHz for prese_,nt‘ integrated circuit fabrication techriques and 1.3

GHz for a discrete component version using hot currier diodes as switching
elcrents, In summary, th;s bandpass filter has the following characteristics:

1, Bandwidth and center fmy are osgentially indepsndent and

Q Bmay be made quite high, (the upper limitation of Q is given



by problems in synthesizing the low pass filters, stabilizing

the center frequency, and instabilities. This will be inves-

tigated., The upper limit is probably in the range from 102‘
to 10°.)

2. The center frequency depends on the switch period Ts and
thus is electrically tunable,

3. If requiremsnts on fo are not too high, it may be built
in an integrated circuit.

Another project curreatly under mvestigétion is the development

of a digital equivalent of a phase-locked loop.

Spacecralft Orientation

A study and comparison of spin axis orientation for various
lsunch conditions was completed for a proposed Stanford University deep
gpace probe, This probe would be launched into orbit around the sum,
Since tho probe has no attitude control, its spin axis orientation is
determined at launch by the following tive factors: launch aximuth, time
of day, time of year, payload weight, and delays in the fourth stage
ignition.

The desired spin axis orientation is perpendicular to the

ecliptic plane, This orientation gives maximm radio signsl stremngth

to and from the spacecraft and maximm solar power from the solar panels,
Various combinations of the asbove five factors within the Scout

rocket__ capability were cvaluated with respect to the desired orientation.

On the basis of maximum avorage signal power (including effects of the

sun) over a T00-day probe life, the following launch is recommended:

-11-
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A 37-1b, spacecraft

A polar launch at sunrise of the autumnal equimox

A lsunch ellipse which gives 4.6° range and an sltitude of
140 km at third stage burnout

Delay spinup and firing of the fourth stage until a declina-
tion of 10° N (altitude approximately 140 km) is reached

A tangential orientation to the local smooth earth surface

at the fourth stage spinup of the rotcket,
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Papers Presented

The following papers were givem at the Spring UBSI meeting April 18-21,

1966, in.

Washington, D, C.:

Digital Radio Polarimeter Observations of Jovian and Solar
Decametric Emissions, A. Fejfar, R. V., Bbongle, and B, B,
Iusignan, Cosmission V,

Bistatic Radar Experiments for tho Stwdy and Mapping of the lamar
Surface, 6. L, Tyler,  @. Fjeldbo, and R, L. Koehler, Commission V.

Interplanotary Electron Density Mcasuremsnts with the Pioneesr VI
Spacecraft, R, L, Koehler, Commicsion V,

Cislunar Electron Content es Determined by Radar Group Delay

Measuvements, H, T. Boward, Commission V.,

Bistatic Rader Astronomy - Summary end Prospectus, V., R. Eshleman,
Commission Vv, '

Models for the Atrwosphere of Mars Based on the Mariner IV
Occitltation Experiment, G, Fjeidbo, Commission 11,
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